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Abstract 
Sensor structures for non-destructive testing could successfully deposited by INKtelligent printing®. Metal strain gauges are 
fabricated by Aerosol Jet® technology, starting with deposition of a polymer isolation layer, followed by a printed metal layer and 
at least an encapsulation to protect the printed sensor. Characterizations of printed and sintered sensors show a good densification 
of the porous material which allows high electrical conductivity up to 70 % of bulk value. Performance tests of printed sensors 
show a reproducible and reliable functionality in terms of strain measurements. 
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1. Introduction 
Non-Destructive testing, e.g. structural health monitoring (SHM), is a growing market with lots of different 
application areas like automotive and aerospace [1]. Here, INKtelligent printing® offers a new approach to apply 
sensor structures directly on surfaces and components with the help of maskless printing technologies, like Ink-Jet 
printing or Aerosol Jet®. The process starts with the structural layout which is designed with CAD (computer aided 
design) software, followed by the material selection, e.g. a suspension containing nanosized particles and at least the 
printing process as well as a thermal activation of the printed structure in order to compact and activate the 
structures. The benefit is a miniaturized high resolution sensor structure on planar and even non-planar surfaces with 
continuous measurement possibility [2]. Especially printed strain gauges are interesting due to the possibility of non-
destructive measuring of tensile and compressive stress on surfaces and in components. In the present paper, printed 
silver strain gauges are discussed in terms of material properties and functionality. The fabricated sensors are printed 
on aluminum substrates using Aerosol Jet® technology. They consist of three layers, an isolation layer, a silver 
sensor structure and an encapsulation. SEM (scanning electron microscope) pictures of the silver layer show 
homogeneous and dense surfaces after sintering at 350° C while there are still some small defects in the printed 
structure. Anyhow the measured conductivities are very high and reach up to 70 % compared to bulk silver. Sensor 
functionality is tested with an additional printed strain gauge for temperature compensation and a commercial 
available foil strain gauge from HBM Inc. is used as reference sensor. The measurements show a reliable signal of 
the printed strain gauge over the whole testing time, in spite of few pores inside the metal structure. Besides the 
signal is constant and shows no drift due to the temperature compensation. Overall the characteristics are similar to 
commercial available strain gauges. 
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 2. Experimental 
2.1. Maskless deposition and sintering processes 
Strain gauges are fabricated using Aerosol Jet® technology from Optomec Inc. Aerosol Jet® allows the deposition 
of suspensions with a viscosity range from 0.7 – 1000 mPaÿs and a particle size up to 1 micron for metals. The 
functionality of the printing process is shown in figure 1 [3]. A so called  “Atomizer” produces an aerosol from the 
suspension which is carried to the print head. The aerosol droplet diameter is between 1 – 5 microns which 
corresponds to a volume of some femtolitres [4]. Inside the print head a sheath gas (nitrogen) is used to focus the 
aerosol beam and also to prevent clogging of the nozzle.   
 
 
 
  
 
 
 
 
 
 
 
®Fig. 1.  Schematic diagram of functionality of Aerosol Jet  from Optomec Inc. 
The printing process is followed by a thermal activation step to evaporate the fluid and to compact the printed 
structures. Here, furnace sintering of printed sensor structures is presented. 
2.2. Strain measuring 
 For testing the sensor performance printed strain gauges are deposited on an aluminum surface which is fixed on 
one side and then lateral stressed with 800 N. A foil reference strain gauge is glued on the back of the aluminum 
substrate.  Both strain gauges are connected to a Wheatstone measuring bridge with 330 ohms where the bridge 
voltage is connected to a measuring amplifier. The applied force as well as the resistance change is displayed on a 
computer (see figure 2). 
 
 
 
 
 
 
Fig. 2. Schematic diagram of measuring setup for strain measurements 
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3. Results and discussion 
3.1. Structural properties of printed silver 
A commercial available silver ink from Advanced Nano Products Co., Ltd. is used for strain gauge printing. This 
ink contains around 50 wt. % of silver with a mean particle diameter of about 20 nm. The following figures show 
SEM pictures of the ink before printing (fig. 3a) and after furnace sintering at 350° C (fig. 3b) under hydrogen 
atmosphere (60 min, heating rate 5 K/min).  
 
a b  
 
 
 
 
 
 
 
 
 
Fig. 3. (a) SEM picture silver ink before printing (b) SEM picture silver ink after sintering at 350° C, 60 min, 5 K/ min  c 
The results show homogeneous silver particles before printing. After sintering at 350° C the silver particles are 
connected due to diffusion processes and the surface is dense without pores. There are only some small defects in 
the sintered structure (see figure 4). Anyhow the measured conductivities are very high and reach up to 70 % 
conductivity compared to bulk silver. 
 
 
 
 
 
 
 
 
 
Fig. 4. (a) SEM picture cross section silver ink sintered at 350° C, 60 min, 5 K/ min  
3.2. Sensor characterization 
The printed strain gauges consist of three layers, all deposited with Aerosol Jet®. First a polymer layer with a 
thickness of about 2 microns is printed and cured to isolate the sensor from the aluminum substrate. The next step is 
the deposition of the silver layer with a thickness of about 3 microns in form of a meander. At least the sensor is 
encapsulated with the polymer (figure 5a). For testing the sensor performance a second strain gauge was printed on 
the aluminum surface with 90 degree rotation to avoid temperature influences due to the high linear temperature 
coefficient of silver (4.1ÿ10-3 K) [5]. Figure 5b shows the results of tensile stress measurements after 1000 cycles 
with 0.5 Hz for the printed strain gauge and a reference foil strain gauge from HBM Inc. 
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Fig. 5. (a) Aerosol printed strain gauge on aluminum surface with isolation layer and encapsulation (b) Strain measurements, 1000 cycles, 800 N, 
0.5 Hz, above: printed strain gauge with 121 Ohm, below: reference strain gauge with 120 Ohm 
Results show a constant peak to peak value of the printed strain gauge during the whole measuring time, means 
on the one hand that the sensor signal is reliable and reproducible and on the other hand there is no temperature drift 
due to the printed temperature compensation.  
 
4. Conclusion 
The fabrication and characterization of INKtelligent printed strain gauges for non-destructive testing is presented. 
Printed strain gauges show a reliable sensor signal and offer a deposition directly on the surface or component. So 
there is no need of adhesive bonding of the sensor. Another advantage of printed sensors is the possibility for high 
resolution measurements because of the high printing resolution. 
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